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Antagonistic effects of Pseudomonas fluorescens, P. aeruginosa and P. putida were studied against 12 strains of Aeromonas
hydrophila (Ah1–Ah12). Four different fractions of cellular component (i.e. whole cell product, heat killed whole cell product,
intra cellular product and extra cellular product) of all Pseudomonas species were equally effective in reducing growth of A.
hydrophila strains, as measured by the zone of inhibition in an in vitro sensitivity test and have potential action against A.
hydrophila infection in fishes.
D 2005 Elsevier B.V. All rights reserved.
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Control of microbial communities with high
species diversity in nature has been regarded as
difficult (Maeda, 1994). Such types of microbial
communities can disperse the effect caused by the
inversion or addition of certain extrinsic pathogenic
organisms. In addition, microorganisms can be sour-
ces of a variety of bioactive natural products of basic0044-8486/$ - see front matter D 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.aquaculture.2005.01.028
T Corresponding author. Tel.: +91 674 2465446 * 228/235 (O);
2350756 (R); fax: +91 674 2465407.
E-mail address: basantadas@yahoo.com (B.K. Das).research and commercial interest that have inhibitory
effect on microbial growth (Reichelt and Borowitska,
1984; Cannell et al., 1988). In aquaculture practices
bacterial infectious diseases result in losses worldwide
and to prevent them antimicrobial compounds are
used intensively. In the process of antibiotic treatment,
drug resistance patterns can develop within the
pathogenic microbial community. Therefore, alterna-
tives to the use of antibiotics are gaining importance
in many countries (Nogami and Maeda, 1992; Sugita
et al., 1998; Gatesoupe, 1999; Bala Reddy, 2001).
Accordingly, the application of microbial commun-
ities in aquaculture for controlling pathogenic bacteria
shows promise.(2006) 17–24
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origin. In medicine, problem with pathogenic
microbes becoming increasingly resistant against most
commonly used antibiotics is being experienced
(Cowen, 2001; Lipsitch, 2001). Then some deriva-
tives of the antibiotics circumvent or even prevent
rapid mutation to resistance of the pathogens (Hughes,
2003). The Pseudomonas species as a fungicide to
protect the food from toxic fungi such as penicillium
and botrytis. The protein patterns of the different
strains of Staphyloccus aureus and Lactobacillus
sanfranciscensis are resistant to specific antibiotics
(De Angelis et al., 2001; Cordwell et al., 2002;
Hecker et al., 2003).
A similar approach was also undertaken in the
culture of Phyllosoma larvae of spiny lobster Jasus
edwardsii (Igarashi et al., 1990). It has been recorded
that antimicrobial substances produced by some
bacteria seem to play an important role in antagonis-
ing other bacteria in aquatic ecosystems (Dopazo et
al., 1988; Sugahara et al., 1988). It has also been
reported that intestinal bacteria from turbot show an
inhibitory effect on fish pathogenic bacteria (West-
erdahl et al., 1991; Olsson et al., 1992; Sugita et al.,
1997). As these bacteria are natural inhabitants of the
aquatic system, they could persist for a relatively
longer period and might inhibit establishment of fish
pathogens in the aquatic environment as well as in the
fish host. Therefore, this preliminary in vitro study
was undertaken to examine the antibacterial properties
of Pseudomonas fluorescens, P. aeruginosa and P.
putida against the fish pathogenic bacteria Aeromonas
hydrophila for the first time.2. Materials and methods
2.1. Isolation of bacteria
Diseased fishes showing various lesions on the
skin and in the musculature, and healthy fishes were
used for isolation of bacteria. Pseudomonas isolation
agar (Hi media, India) was used for isolation of pure
cultures of Pseudomonas species. P. fluorescens (PF1)
was isolated from the liver of goldfish (Carassius
auratus), P. aeruginosa (PA1) was isolated from the
intestine of climbing perch (Anabas testudineus) and
P. putida (PP1) was isolated from skin lesions of rohu(Labeo rohita). The 12 strains of A. hydrophila
isolated from skin lesion, liver, kidney and intestine
of mrigal, cat fish, goldfish and murrels were taken to
study the antagonistic activity against different cel-
lular components of Pseudomonas species. The
different species of Pseudomonas and A. hydroplhila
strains were selected and characterized based on their
biochemical properties (Holt and Krieg, 1984).
Dominant isolates were purified and identified using
conventional biochemical tests described by Mac
Fadden (1976) and West and Colwell (1984). A.
hydrophila (Ah1–Ah12) strains isolated from differ-
ent organs such as liver and kidney, as well as swabs
of skin lesions of various freshwater fishes maintained
in the laboratory were also used for the present study.
A. hydrophila after 24 h of incubation in nutrient
broth was streaked on Rimler-Shott’s medium (Hi
media, India) for purity. Twelve strains of A. hydro-
phila were used for the antagonistic study against heat
killed whole cell product (HK WCP), whole cell
product (WCP), intra cellular product (ICP) and extra
cellular product (ECP) of the Pseudomonas species.
2.2. Preparation of different cellular components
Four types of antigenic components, e.g. heat
killed whole cell product (HK WCP), whole cell
product (WCP), intra cellular product (ICP) and extra
cellular product (ECP) were prepared from P. fluo-
rescens, P. aeruginosa and P. putida. Briefly pure
cultures of all the bacteria (PF1, PA1 and PP1) were
grown separately in sterile conditions in 250 ml of
brain heart infusion broth (Hi media, India) at 30 8C
for 24 h. Pure cultures of each bacterium were divided
into five equal volumes of 50 ml and each 50 ml was
taken for preparation of HK WCP, WCP, ECP and ICP
separately. The optical density (OD) of 24 h old
cultures was taken for each bacterium and simulta-
neous plating was carried out in triplicate and the
colony forming unit/ml was calculated. The optical
density at 546 nm of P. fluorescens was 0.836 which
corresponded to 1.9109 cfu/ml, whereas an OD of
P. aeruginosa 0.742 corresponded to 1.2109 cfu/ml
and an OD of P. putida, 0.738 corresponded to
2.1109 cfu/ml respectively. The protein estimation
of all the protein fraction of Pseudomonas species was
according to Bradford (1976). The minimum amount
of protein content (70 Al) of the lowest protein
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standard and accordingly the other protein fractions of
other Pseudomonas species were calculated and
charged in nutrient agar plates.
2.3. Whole cell product (WCP)
All the bacteria (P. fluorescens, P. aeruginosa and
P. putida) grown separately in brain heart infusion
broth were harvested after 24 h incubation and
centrifuged at 10,000g for 10 min at 4 8C. The
bacterial pellet was washed twice and resuspended in
phosphate buffered saline (PBS) (pH 7.2) and used for
the antagonistic study.
2.4. Extra cellular product (ECP)
The supernatants obtained after centrifuging 24 h
old cultures of bacteria in brain heart infusion broth
were filtered (0.22 Al). They were further concentrated
with 20% PEG 6000, dialysed against PBS (pH 7.2)
and used as ECP.
2.5. Heat killed whole cell product
Pseudomonas cultures grown in bulk were har-
vested by centrifugation at 10,000g for 10 min at 4
8C. The bacterial pellet was washed twice and re-
suspended in phosphate buffered saline (pH 7.2).
They were heat killed at 60 8C for 1 h in a water bath
and finally stored at 20 8C.
2.6. Intra cellular product (ICP)
All the bacteria (P. fluorescens, P. aeruginosa and P.
putida) were grown separately in brain heart infusion
broth and centrifuged at 10,000g for 10 min at 4 8C.
The bacterial pellet was washed twice and re-sus-
pended in phosphate buffered saline (pH 7.2), to 2% of
the initial volume. The cell pellets were then sonicated
at 50 Hz for 5 min (Artelk Sonic Dismembrator model
150) filtered through a syringe with a 0.45 Al filter and
finally stored at 20 8C until further use.
2.7. Biocontrol study
Overnight growth cultures of different strains of
A. hydrophila were incubated on Tryptone Soyaagar (Hi media, India) plates separately by the lawn
culture method. Then 6 mm diameter wells were
made in each plate with the help of a well puncture
(Hi media, India) and 70 Al of whole cell product
(WCP) corresponding to 2.1109 cfu/ml, extracel-
lular product (ECP) corresponding to 1.12108 cfu/
ml, heat killed WCP corresponding to 1.3108 cfu/
ml and intra cellular product (ICP) corresponding to
1.7108 cfu/ml were charged in the respective
wells of different A. hydrophila plates and incubated
at 37 8C for 24 h. The zone of inhibition around
the charged well was recorded after incubation.
Simultaneously, control samples were maintained
with sterile phosphate buffer saline (pH 7.2) placed
into the respective wells prepared as mentioned
above. In all the cases, the triplicate plates were
maintained along with the PBS control for biocon-
trol study.
Selected antibiotics, Chloramphenicol (30 mcg),
nalidixic acid (30 mcg), furazolidone (50 mcg),
norfloxacin (30 mcg), oxytetracycline (30 mcg),
ciprofloxacin (15 mcg), gentamycin (15 mcg) and
nitrofurantoin (10 mcg) were tested in a diagnostic
sensitivity medium (Hi media, India) against different
A. hydrophila strains to compare the effectiveness of
different cellular components of Pseudomonas species.
A required amount of diagnostic sensitivity
medium (DST) (Hi media, India) was prepared. Sterile
petriplates (98 mm diameter) were poured with 20 ml
DST medium and allowed to solidify at room
temperature. A. hydrophila cultures were inoculated
by the lawn culture method. Then the above anti-
biotics were placed in different cultured plates and
incubated at 37 8C for 24 h. After incubation the
observations were noted. The zones of inhibition of
each product were compared with the recommended
zone of inhibition of the antibiotics against the
cultures. The zones of inhibition of the antibiotics
against the A. hydrophila strains were treated as
positive control.
2.8. Statistical analysis
All the data were analyzed by running the general
linear model program available in SAS software. The
means were compared using Duncan’s multiple range
test (Duncan, 1955) to find the difference at 5%
(P b0.05) level.
B.K. Das et al. / Aquaculture 253 (2006) 17–24203. Results
3.1. Protein estimation of different cellular
components of Pseudomonas species
The protein contents of ICP, WCP, HK WCP and
ECP of P. fluorescens were 5.13, 4.91, 4.85 and 4.75
mg/ml respectively. Similarly, the protein contents of
ICP, WCP, HK WCP and ECP of P. aeruginosa and P.
putida were 6.21, 5.97, 5.73, 5.63, 5.72, 5.31, 4.85
and 4.72 mg/ml respectively. The ICP of P. aerugi-
nosa contain highest protein concentration (6.21 mg/
ml) and lowest protein content in ECP of P. putida
(4.72 mg/ml). The minimum quantity of protein
fraction (70 Al) charged on nutrient agar plate against
A. hydrophila strains of P. putida ECP was found to
be 340 Ag. Equal protein concentration per mililitre of
each cellular components of the bacteria was adjusted
to 340 Ag corresponded to 70 Al.
3.2. Biocontrol study using P. fluorescens (PF1)
Results obtained from the WCP, HK WCP, ECP
and ICP of PF1 against A. hydrophila are shown in
Fig. 1. It was revealed that the ECP of PF1 was foundFig. 1. Zones of inhibition of four crude fractions of P. fluorescens against
bearing common superscript are not significant to each other.)to be highly effective and produced a zone ranging
from 60 to 85 mm against Ah1 to Ah12 strains (Fig.
1). The highest recorded zone was observed with
Ah10 isolated from skin lesions of Channa marulius
followed by Ah6 (81.33F2.60 mm). ECP of PF1
against Ah11 produced a mean zone size of
72.33F0.88 mm. Similarly, WCP, HK WCP and
ICP of PF1 were equally effective and had a
bactericidal effect against all strains of A. hydrophila
(Fig. 1). Out of the four product components of PF1,
ECP produced the highest activity in almost all cases,
except for Ah9. WCP of PF1 was also equally
effective as the ECP and the inhibitory activity was
highest in Ah1, Ah3, Ah6, Ah7, Ah8, Ah9 when
compared to ICP and HK WCP (Fig. 1) as compared
to PBS control (0 mm). Significant differences
(PV0.05) of inhibitory effects were recorded in all
the cases as compared to positive control.
3.3. Antagonistic study using P. putida (PP1)
The zones of inhibition produced by PP1 against
Ah1 to Ah12 are shown in Fig. 2. The zone size of
heat killed WCP of PP1 was highly effective and
produced zones ranging from 52 to 71 mm. TheA. hydrophila strains. (Values are represented as meanFS.E., mean
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Fig. 2. Zones of inhibition of four crude fractions of P. putida against A. hydrophila strains. (Values are represented as meanFS.E., mean
bearing common superscript are not significant to each other.)
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the four product fractions tested and found signifi-
cantly different (PV0.05) as compared to the positive
control. Whereas WCP of PP1 produced zone
inhibition ranging from 38 to 55 mm; ICP of PP1
produced zones ranging from 46 to 68 mm and ECP
of PP1 produced a zone size from 34 to 56 mm. The
least bactericidal activity was recorded in the case of
ECP of PP1 against Ah3 and the highest recorded
bactericidal activity of PP1 against Ah6 indicating the
effectivity of WCP of PP1 against Ah1 as compared to
PBS control (0 mm). All the four cellular components
showed significant (P V0.05) inhibitory activity
against 12 strains of A. hydrophila (Fig. 2) when
compared to the positive control.
3.4. Antagonistic study of P. aeruginosa (PA1)
The four cellular components of PA1 were tested as
antagonistic agents/components against A. hydrophila
(Fig. 3). All the four fractions produced antagonism as
measured by the zone of inhibition greater than 52
mm and were found significantly different (PV0.05)
as compared with the positive control. WCP of PA1
produced highest antagonism against Ah3
(72.66F0.88 mm) followed by HK WCP against
Ah3 (70.33F1.20 mm) and Ah2 (71.00F0.57 mm).WCP of PA1 produced a zone of 62.00F0.57 mm
against Ah6 and ICP of PA1 produced a zone of
57.33F0.88 mm against the Ah2 strain as compared
to the PBS control (0 mm).
3.5. A. hydrophila
A. hydrophila strains as Ah2, Ah3, Ah4, Ah5, Ah6,
Ah10, Ah11 and Ah12 against P. fluorescens showed
significant (P b0.05) difference in ECP compared to
other extracts as well as control; Ah7 and Ah8 did not
show any significant difference among the extracts
tested. A. hydrophila strain (Ah9) showed signifi-
cantly highest zone of inhibition of WCP compared to
control and other extracts. The extracts obtained from
P. putida showed significantly (P b0.05) highest zone
of inhibition in HK WCP extract against A. hydro-
phila strains compared to control and other extract
tested. Whereas, WCP of P. putida showed signifi-
cantly highest zone of inhibition in Ah9 strains of A.
hydrophila. The extracts obtained from P. aeruginosa
showed significantly highest zone of inhibition in
ECP against A. hydrophila strains compared to control
and other extracts tested. Where as, WCP of P.
aeruginosa showed significantly highest zone of
inhibition in Ah3, Ah5 and Ah9 strains of A.
hydrophila respectively.
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The tested drugs used in the present experiment to
compare the zone of inhibition with that of the four
products of PF1, PP1 and PA1; produced zones
ranging from 21 to 33 mm against Ah1–Ah12, which
was much lower, when compared to the four product
fractions of PF1, PP1 and PA1.4. Discussion
The antibacterial effect of bacteria is generally due
to either individual or joint production of antibiotics,
bacteriocins, siderophores (Gram and Melchiorsen,
1996), lysozymes and proteases and alteration of pH
by organic acid production (Sugita et al., 1998). The
inhibition due to such compounds is highly dependant
on the experimental conditions, which are different in
vitro and in vivo (Gatesoupe, 1999). Sugita et al.
(1998) isolated a strain of Bacillus species that was
antagonistic to 63% of the isolates from fish intestine.
According to these authors, most pathogenic strains ofVibrio or Aeromonas have been targeted in vitro tests.
Other workers have also attempted to use other
pathogens, e.g. Edwardsiella tarda, Enterococcus
seriolicida, Pasteurella piscicida, Yersinia ruckeri
(Dopazo et al., 1988; Austin et al., 1995; Ruiz et al.,
1996; Sugita et al., 1996; Byun et al., 1997; Gibson et
al., 1998). Some bacteria are antagonistic to viruses
(Kamei et al., 1987, 1988; Direkbusarakom et al.,
1998) and they may be efficient for biocontrol of viral
diseases (Maeda et al., 1997). Antagonism of aquatic
microbes to fish and shellfish pathogens has been
reviewed by Gatesoupe (1999). The antagonistic
properties of P. fluorescens to V. anguillarum in Lates
niloticus (Gram et al., 1999) and P. fluorescens to A.
salmonicida in Salmo trutta (Smith and Davey, 1993)
have been reported and this inhibition is probably due
to competition for free iron. In the present study, P.
fluorescens, P. putida and P. aeruginosa however
were antagonistic to A. hydrophila strains tested in the
present study which were isolated from various
disease conditions. The whole cell killed antigens,
ECP, ICP and live bacteria of all the species were
equally effective, as revealed by the zone of inhibition
B.K. Das et al. / Aquaculture 253 (2006) 17–24 23to all the tested strains of A. hydrophila. It was found
that the antibiotics such as nalidixic acid, furazoli-
done, norfloxacin, oxytetracycline, ciprofloxacin,
gentamycin and nitrofurantoin produced a zone size,
which was much smaller than that of four cellular
components of each bacterium tested.
Due to the increase in therapeutic resistance to the
more commonly used antibiotics (Hjeltnes et al.,
1987; Aoki, 1992; Nash et al., 1992) and its potential
antipathogenic actions (by its intra and/or extra
cellular products or whole cell products), there
appears to be a potential for Pseudomonas spp. in
the control of aquaculture diseases in fishes, partic-
ularly aeromoniasis. The inhibition caused by the
Pseudomonad subcellular components is equally
effective against the A. hydrophila strains. However,
further assays are necessary especially in vivo, to
forecast the concentration of ICP, ECP, WCP or live
bacteria needed to antagonize or act as a biocontrol
against A. hydrophila infection in fish. Hence research
is urgently required on the antipathogenic metabolites
excreted by Pseudomonads particularly P. fluorescens,
P. putida and P. aeruginosa, which could potentially
be used as substitutes to antibiotics.Acknowledgements
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